2011 AP exam solutions - AB
1)
a)
v(5.5) = 2sin(e***) +1=-0.4533700678

a(5.5) = %e“/“ cos(e***)=-1.358511084

Since the signs of the velocity and acceleration are negative, they are both ‘pulling’ in the same direction
and the particle is speeding up. The speed is increasing at t=5.5.

b)
The average velocity is the average value of the velocity function. So ...

6

! ; j v(£)dt =1.949380033

Vo

avg =
7%

c)
6

Total distance is J-|v(t)| dt =12.57326231
0

d)

Find the position of the particle at the one instant (between t=0 and 6) when the particle changes
direction.

e Find when the particle changes direction ...
v(t)=0 when t=5.1955223 (using the calculator 2"*-CALC-Zero)

e There is only one such point, so the particle must change direction (problem promises ...) so ...

X(5.1955223)=x(0)+total change between 0 and 5.1955223
5.1955223

=2+ j v(t)dt =14.13477039

0

| would guess 2 points each for a, b, ¢, and 3 ford ....

Questions: http://apcentral.collegeboard.com/apc/public/repository/ap11_frq_calculus_ab.pdf



2)
a)

To approximate the rate at which the temperature of the tea is changing at t=3.5 you need to
approximate H'(t).

Approximate an instantaneous rate of change with an average rate of change.

H(5)-H(2) _52-60 _

8
= ——degrees Celsius per minute.
5-2 3 3

H'(3.5)~
b)
1 10
E.[H(t) dt is the average value of H(t) over the interval [ 0, 10 ]
0

In the context of this problem it means the average temperature of the pot of tea — in degrees Celsius —
over the first 10 minutes (time t=0 to t=10).

Trapezoidal Sum:

1Y 1(1 1 1 1
E_([H(t)dt zE(E(Z—O)(66+60)+5(5—2)(60+52)+5(9—5)(52+44)+E(10—9)(44+43)j

degrees Celsius. And the question is answered!

c)

10
jH'(t) dt = H(10)— H(0) = 43— 66 = —23 degrees Celsius

0

10
This is the total change in H(t) over the interval [0,10]. In other words, J-H'(t) dt represents the total
0

change in temperature (a drop of 23 degrees Celsius) during the first 10 minutes.
d)

temperature of the biscuits after 10 minutes:

10 10
100°+ [ B'(¢)dt =100°+ [ ~13.84¢™™'dt =100° - 65.8172472 = 34.1827528° Celsius.
0 0
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The temperature of the pot of tea is 43 degrees Celsius (from the table)
The biscuits are, then, 8.817247202 degrees Celsius cooler than the pot of tea.
My guess for scoring would be:

a) 1point b) 3 points c¢) 2 points d) 3 points

Questions: http://apcentral.collegeboard.com/apc/public/repository/ap11_frq_calculus_ab.pdf



3)
a)

To write the equation of a line | need: slope, x-coordinate, and y-coordinate
' 1 2
m=f ) =24x

4

x=1/27 6

1/2 _
Area = I sin(ﬂx) —8x dx= {M - 2x4j

0 T

- 1 -1
=) 2
8 T

c)
Volume of a solid ...

V= 7[1./[2(1 —8x° )2 —(1 - sin(ﬂx))zdx

0

Possible scoring:

a) 2 points b) 4 points c) 3 points
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4)
a)

2(-3)=2(-3)+ Tf(t)dt =—6 —j! £ (t)dt =—6—(area of quarter circle) =—6 —%7[(3)2

g'(x)= (ij(bc +jff(t)dtj =2+ f(x)
dx 0

g'(-3)=2+f(-3)=2

b)

g has an absolute maximum requires g’ to be 0 or undefined.
d X

g'(x)= (d—j(2x+jf(t)dt] =2+ f(x). Itis never undefined, and is only 0 when f(x)=—-2. This
X 0

-3-3
happens only at ... [slope of line segment = W =—2..s0equationis: y=—-2x+3.... Solve

2x+3=-2=>-2x=-5=>x=5/2]..x=25

The second derivative of g is the slope of that line segment ( = -2); it is negative, therefore g is concave
down, and the point at x=-2 represents a relative maximum. Now: g is increasing on [-4,2.5] and
decreasing on [2.5,3] so the relative maximum must be the absolute maximum.

c)

g'"(x)=f"(x). g'(x)=2+ f(x). Fromthe graph f’ (and therefore g”) is not defined at x = -3 and
x=0. fis increasing throughout [-4,0] so the concavity of g does not change. g’ changes from increasing
to decreasing at x = 0 and g”’ is undefined there, so x = 0 is a point of inflection.

d)

SG)-f(4) _3-(-D _ 2
3—(—4) 7 7

average rate of change of f =

The MVT requires differentiability on the open interval ( in this case (-4,3) ...) so MVT does not apply.
The function fis not differentiable at x = -3 and x=0.

Possible scoring:

a) 3 points b, ¢, d) 2 points each
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5)

a)
m= aw o = L(1400—300) _ 1190 44 . We are following this tangent line for a Ax of 1 , SO
dt |w=1a00 25 4
Ay Ay : , .
E = m =44. So, Ay =11. The approximate amount of solid waste is 1411 tons at t=.25 years
b)
2
d VZV :i(d_Wj :i(i(W_g()())j :id_W = (LJ(LJ(W_N)O).
dt dt\ dt dt\ 25 25 dt 25 )\ 25
2
At t=0 and W=1400, ——— is positive and therefore W is not only increasing, but also concave up.

Therefore our approximation is an underestimate (the tangent line is under the curve).

c)
d_W:i(W_g,()()):d—W:idt:jd—W:jL
dt 25 W —-300 25 W —-300 25
So...ln(W —300) = L+ C= "% = egw = ¢Ce™ where K is an arbitrary constant.
W —300= Ke"*

Solving for K (t=0 and W=1400) we get:

W =300+1100e"*
Possible scoring:

a)2 b)2 c)5

aw
Note that we are given a differential equation involving 7 This tells us that the solution (the
t

function W) will be a function of ¢ ...
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6)
a)
lim f(x)=lim (1-2sinx)=1; lim f(x)=lime™ =1

x—0" x—0" x—0" x—0"

~lim £(x) =1= £(0).

and our function is continuous.

b)

—2cosx, forx<0

for x#0... f'(x)z{

A . Since lim f’(x) # lim f'(x), the function fis not
—4e", forx>0 x=0° x>0
differentiable at O (this last part is not necessary and is not graded).

When x <0, the minimum value for f”is-2. So we can ignore that half.

When x >0we have —4e¢ ™ =-3=¢* = é = —4x=In (ij =x= —(ljln (éj
4 4 4 4

c)

the average value is

0 1
! (j1—2sinxdx+.[e4“‘dxj:l (x+2cosx)
1-(-1) e 0 2

{or-rezemcane{((-5)e H{(-5)o)) |35 -2emr-5)

Possible scoring:

a) 2 b)d ¢ 3
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